Abstract -Breeding sheep populations for scrapie resistance could result in a loss of genetic variability. In this study, the effect on genetic variability of selection for increasing the ARR allele frequency was estimated in the Latxa breed. Two sources of information were used, pedigree and genetic polymorphisms (fifteen microsatellites). The results based on the genealogical information were conditioned by a low pedigree completeness level that revealed the interest of also using the information provided by the molecular markers. The overall results suggest that no great negative effect on genetic variability can be expected in the short time in the population analysed by selection of only ARR/ARR males. The estimated average relationship of ARR/ARR males with reproductive females was similar to that of all available males whatever its genotype: 0.010 vs. 0.012 for a genealogical relationship and 0.257 vs. 0.296 for molecular coancestry, respectively. However, selection of only ARR/ARR males implied important losses in founder animals (87 percent) and low frequency alleles (30 percent) in the ram population. The evaluation of mild selection strategies against scrapie susceptibility based on the use of some ARR heterozygous males was difficult because the genetic relationships estimated among animals differed when pedigree or molecular information was used, and the use of more molecular markers should be evaluated. genetic variability / scrapie / Manech / Latxa / sheep
INTRODUCTION
Genetic control programmes of scrapie susceptibility are now underway in several countries founded on the strong association of scrapie with the prion protein (PrP) genotype. Current research indicates that there is evidence to show that certain genotypes may be resistant to scrapie infection or at least may reduce the transmission of this insidious neurological disease of sheep [9] .
Although some atypical scrapie cases have been found in homozygous ARR genotypes (e.g. [7, 25] ), in the European Union, the breeding programmes are still aimed at increasing the frequency of the ARR allele while reducing the prevalence of those alleles (especially the VRQ) which have been shown to contribute to susceptibility to scrapie [11] . PrP alleles are defined by reference to the amino acids encoded by codons 136, 154 and 171 of the gene.
The selection of animals for increasing the ARR allele frequency could result in a loss of genetic variability and a reduction in the effective size of sheep populations implying that genetic drift will increase, as well as inbreeding. These consequences are especially dangerous in breeds facing extinction, and important in populations undergoing selection because of the loss of the heritable part of the genetic variance. The selection against scrapie susceptible alleles could negatively affect, to some degree, the genetic efforts carried out in populations undergoing selection, and the management efforts carried out in populations with the endangered status of conservation. For example, in the United Kingdom, the National Scrapie Plan (NSP) is considered by some authors [6] to be responsible for a loss of irretrievable genetic resources and a long-term impact on the genetic and hence phenotypic qualities of the national flock. Consequently, it is of interest to evaluate the magnitude of this effect to take it into account to design the selection strategy.
The analysis of genetic variability can be done using different criteria [30] that do not offer the same information on genetic variability albeit all of them are useful to estimate the loss of genetic variability conditional on the available information.
The information available on pedigree information (especially the identity of the sire) is often unknown in sheep populations due to their extensive production system characterised by the use of pastures by flocks with a large number of ewes and several rams and little use of artificial insemination [19] . The development of molecular markers led to consider the molecular diversity estimation as a possible and even recommended alternative, in order to establish the depletion of genetic variability when there is an important lack of pedigree information [34] . This work was aimed at discussing the loss of genetic variability caused by selection for increasing the ARR allele frequency in the Latxa breed, a dairy sheep selected for milk production during the last twenty years. Estimates of genetic variability were obtained using pedigree and genetic polymorphism information and later compared.
MATERIALS AND METHODS

Breed and pedigree information
The Latxa is a local dairy sheep breed from the north of Spain, also present in the southwest of France (the name given is Manech). Within this breed different types have been described, Latxa Blond-Faced, and Basque and Navarra Latxa Black-Faced [14] .
The Latxa Black-Faced type Navarra was chosen in this study because of the larger pedigree information recorded in comparison to the other types and other breeds also available for the study. The Navarra type has its own breeding programme, started in 1984. Albeit not completely, it can be considered a closed population of about 130 000 ewes, being around 20 percent in official milk recording [35] .
A dataset containing pedigree information on 54 623 animals Latxa BlackFaced type Navarra, distributed since 1984 in a total of 123 farms, was provided by CONFELAC (Latxa breeders associations' confederation). Pedigree information is summarised in Table I. 
PrP polymorphism information
The frequencies of PrP alleles have been previously estimated in Latxa Black-Faced type Navarra by Legarra et al. [22] as 0.670 for ARQ, 0.212 for ARR, 0.083 for ARH, 0.032 for VRQ and 0.003 for AHQ alleles.
All the males in use or to be tested in the selection scheme in 2002 were previously genotyped for PrP gene and a blood sample kept by the breeders association (ASLANA, Latxa Navarra breeders association). The PrP genotypes were determined by Spanish Central and Regional Administration by usual DNA extraction, PCR amplification and purification, codon polymorphism determination by Multiplex Kit and capillary DNA sequencer [24] .
From the 404 males genotyped for PrP by ASLANA till the end of 2004, 96 were males born in the year 2002 with information on both parents, and they were considered in this study as future reproductive males to be introduced in the breeding scheme. The PrP genotype distribution of these 96 males analysed was the following: 44 ARQ/ARQ, 36 ARR/ARQ, 13 ARR/ARR, 2 ARQ/ARH, and 1 ARR/ARH. The corresponding allele frequencies (0.33 for ARR, 0.66 for ARQ and 0.01 for ARH) were similar to that previously estimated in the population and above mentioned [22] .
Genetic polymorphism analysis
Microsatellite genotypes were determined at each of 15 loci for the sample of 96 young males considered. The microsatellites were the following: CSRD0247, INRA0023, INRA0049, INRA0063, MAF0065, MAF0214, MCM0042, MCM0527, OARAE0119, OARAE0129, OARCP0049, OARFCB0020, OARFCB0304 and OLADRB2 isolated from domestic sheep (additional information on markers can be found at SheepBase http://www.thearkdb.org/) and one locus (D5S2) isolated from cattle [33] . These markers were used because they were combined into two PCR multiplexes, developed and tested by Rendo et al. [28] from the markers recommended by the ISAG. Therefore, their use was simple and reliable. The DNA extraction, the polymerase chain reaction (PCR) amplification, the PCR products detection and the final analyses were performed as described by Rendo et al. [29] . Microsatellite information is summarised in Table II . 
Estimation of genetic variability
The genetic variability within the set of 96 rams with pedigree and genetic polymorphism information was estimated and compared with the variability estimated within the subset of the 13 rams with the PrP genotype ARR/ARR.
Pedigree information
The genetic variability was estimated from pedigree information using EN-DOG v3.0 [16] and PEDIG [4] software. The statistics considered were the following:
(1) Number of ancestors, effective number of ancestors (computed using ENDOG [16] as f a = 1/ n k=1 p 2 k where p k is the marginal contribution of ancestor k) and number of ancestors explaining 50 percent of the genetic variability.
(2) Expected marginal contribution of the ancestors contributing the most in the whole population, computed according to Boichard [5] methodology used by ENDOG [16] 
i=1 a i where q k is the expected genetic contribution of the ancestor k, and a i is the expected genetic contributions of the (n−1) selected ancestors to individual k.
(3) Average coefficient of relationship (AR) within and between reference populations, defined as the probability that an allele randomly chosen from the whole population in the pedigree belonged to a given animal and computed by the programme par2.f included in PEDIG [4] .
These statistics were computed for both populations considered (the 96 rams with known PrP genotype born in 2002, and the 13 rams with PrP genotype ARR/ARR born in 2002) and two additional reference populations constituted by (1) males and (2) females with both parents known and born from 1998 to 2002.
Genetic polymorphism information
Similarly, using the genetic polymorphism information, the genetic variability was estimated using MOLKIN v2.0 software [17] considering the following statistics:
(1) Average molecular coancestry, obtained by averaging the molecular coancestry values for all the pairs of individuals computed as
L being I xy = 1 when allele x on locus l in individual i and allele y in the same locus in individual j are identical, and zero otherwise.
(2) Within-and between-subpopulation kinship distance, obtained by averaging the kinship values for all the within-or between-population pairs of indi-
is homozygous on locus l and 0.5 otherwise.
(3) Wright F-statistics F IS and F S T defined, respectively, as heterozygote deficiency within population and between populations, and obtained as
wheref ,F, are respectively, the mean coancestry and the inbreeding coefficient of subpopulations averaged for the whole population, andf is the average coancestry over the entire population.
These statistics were computed for the population of all the 96 rams with known PrP genotype born in 2002, and the 13 rams with PrP genotype ARR/ARR born in 2002.
Evaluation of a mild selection regime
The use of ARR heterozygous males free of the VRQ allele (ARR/xxx) to be mated with ARR carrier females is an alternative to be evaluated in order to mitigate the loss of genetic variability, as opposed to the exclusive use of homozygous males. Nowadays, the legislation allows the Breeders Associations to establish different alternatives in the selection against scrapie genetic susceptibility. An arbitrary mild selection regime was here assumed consisting of the use without preference of homozygous and heterozygous rams under the restriction that more than 80 percent of males were ARR/ARR; i.e. it was considered that three of the 37 ARR/xxx available males could be used indifferently along with the 13 ARR/ARR rams.
The criterion to select these three males should be the minimisation of the average coancestry among the reproductive individuals weighted by their contributions to the next generation [8] . Actually, this criterion is difficult to apply because the contributions to the next generation cannot be programmed in Latxa Black-Faced since they will depend on genetic value, artificial insemination aptitude, semen availability, and other testing criteria of the breeding programme.
Alternatively, the criterion considered was the selection of the three ARR/xxx males with the lower average coancestry coefficient with the other rams considered as reproductive males (13 ARR/ARR and 37 ARR/xxx males). Pedigree and molecular information were alternatively considered in the computation of the average coancestry coefficients to compare both sources of information.
RESULTS
Pedigree parameters
The pedigree completeness level was small in the population analysed. Only 26 percent of animals in genealogical data set have both parents known whereas 46 percent of the animals have both parents unknown (Tab. I). This situation and the fact that 61 percent of animals were born in the last decade indicate that genetic variability results obtained from pedigree analysis could be insufficient and they should be carefully interpreted. With a similar pedigree completeness level Huby et al. [19] excluded one of the breeds from the analysis (Blanc du Massif Central with a 25 percent of animals with both parents known). Here, however, the pedigree analysis was carried out because the Latxa Black-Faced type Navarra is one of the north-Spanish local or foreign populations with a higher pedigree completeness level and therefore the best available reference to evaluate the loss of genetic variability in north Spanish dairy sheep. For example, the percentage of animals with both parents known in Latxa Blond-Faced or Carranzana is around 20 and 8 percent respectively. The results from available information indicate that the use of ARR/ARR males exclusively will relevantly reduce the genetic variability of males (Tab. III). Comparing the scenario of using all the males born in 2002 with the scenario of using only the ARR/ARR males born the same year, the effective number of ancestors is reduced to 46 percent and the average coefficient of relationship between males is increased from 2.1 to 5.0 percent. However, when comparing the average coefficient of relationship between the different reference populations of males and the population of females born from 1998 and 2002, the effect of the selection of ARR/ARR males seems to be negligible. This effect can be interpreted looking at the ancestor contributing the most in the different reference populations. The male contributing the most in males and females born from 1998 to 2002 is the same (LCN26110), as it is in the population of males born in 2002. However, this male is not the one contributing the most in the population of males ARR/ARR born in 2002 (it is another male not included in Table IV with an expected contribution of 15.4 percent), and neither in the whole population (LCN00158, Tab. IV). Table IV 
Genetic polymorphism parameters
The degree of information contained in the fifteen microsatellite markers analysed was high in most of them with the exception of markers OARAE0129 and MAF0214 (Tab. II) even though they are recommended for parentage verification [20] and sheep diversity measurement [13] and are highly variable in other sheep populations [2, 10, 21, 32] . The resulting average number of alleles, expected heterozygosity and polymorphic information content were similar or higher than values obtained when characterising the genetic variability in other breeds and with other microsatellite panels [1-3, 10, 21, 27, 29] .
The results from the information offered by the 15 microsatellites analysed also indicate, like in the pedigree analysis, that the use of only ARR/ARR males will reduce the genetic variability of males (Tab. V). The mean average molecular coancestry is incremented by 15 percent and the kinship distance within population reduced by 11 percent. Both values are nevertheless close to being statistically not significant because of the high estimated standard error (Tab. VI). On average, for the 15 microsatellites analysed, close to 30 percent of the alleles present in the population of males born in 2002 were lost when only ARR/ARR males were selected. These lost alleles corresponded, as expected, to alleles present at low frequency in the population.
Evaluation of a mild selection regime
The evaluation of the use of ARR/xxx rams revealed that the decision of which males should be used is not obvious. The three males selected among all the ARR/xxx available, under the restrictions of minimum average coancestry coefficient within ARR/xxx and ARR/ARR males and the use of a maximum of 20 percent of ARR/xxx rams, were different when pedigree or genetic polymorphism information were used.
When the three males were selected based on pedigree information, genealogical average coefficient of relationship with ARR/ARR rams was 1.6 percent and the corresponding mean average molecular coancestry estimated with genetic polymorphisms was 0.278. When they were selected based on genetic polymorphism information, the genealogical average coefficient of relationship was 3.4 percent and the corresponding mean average molecular coancestry estimated with genetic polymorphisms was 0.198.
These results were the consequence of the different ranking of the 37 males ARR/xxx according to their average relationship estimated using pedigree or genetic polymorphism information. The Spearman coefficient of correlation (0.14) was non-significantly different to zero (p = 0.39). This result was confirmed when males with some lack of molecular (some not amplified microsatellite), or pedigree information (some unknown grandparent) were excluded.
DISCUSSION
The genetic variability results obtained from pedigree information are not easily comparable among populations because, as pointed out by Huby et al. [19] , populations are usually different in total size, collective organisation for selection or conservation, development of artificial insemination, paternity control, etc. In any case, some results are available for comparison from the few studies focussing on sheep that have been carried out to analyse the genetic variability based on pedigree information [15, 18, 19, 23, 26] . Following these results, it would be possible to state, for example, that for the reference population of females born in the last years, the effective number of ancestors and the number of ancestors explaining the 50 percent of genetic contributions is comparable to that estimated in other breeds such as Limousin [19] or Swiss Black-Brown Mountain Sheep [18] . Nevertheless, the depth of the genealogy and the pedigree completeness level vary among populations, making a correct comparison very difficult because pedigree parameters are very sensible to the completeness pedigree level and there is no way to standardise the variation of this completeness among populations.
The comparison is also difficult when using genetic polymorphism information. The importance of conservation of genetic diversity in livestock and the difficulty to assess the within and between populations genetic variability has led to consider many different genetic polymorphism based measures of genetic diversity [12] . Additionally, most of the studies published that use marker information to estimate genetic variability are focussed in the variability among breeds, populations or flocks, but few of them within breed [2, 21] . In any case, it would be possible to make some comparisons indicating, for example, that the Kinship distance estimated in a previous study [1] in the Latxa Black Faced (0.354) is similar to the values here reported for the population of males born in 2002. Moreover, it would be possible to state that the average molecular coancestry within males ARR/ARR born in 2002 reveals a non dangerous loss of genetic variability, as it is similar to values estimated in other Spanish breeds such as Castellana [1] . Nevertheless, the molecular markers used to compute the different measures of genetic variability are not standardised, and hence the number of polymorphisms, the polymorphisms themselves and the number of alleles amplified vary among studies. Consequently, the degree of likelihood of estimates obtained from the molecular markers is different and the possible comparisons are little informative.
All these facts make the comparison of the results obtained in this work with those previously published from other sheep populations difficult. Consequently, the evaluation of the results, the diagnosis of the situation and the decision making, whatever the type of information employed, should be based exclusively on our own study results.
The results obtained in this study from pedigree information show a relevant loss of genetic variability within the population of males caused by selection of ARR/ARR genotypes. Despite this result, the breed genetic variability should not be seriously affected by scrapie selection, because of the large number of females in the population (Tab. I) and the absence of selection for ARR alleles in females.
Ancestors of males ARR/ARR are in general seldom represented in the whole population, and the selection of these males could result in a loss of selection pressure for other traits such as milk production. This is rather dependent on the strategy used [31] . A possible strategy is to suddenly use a big number of, and perhaps only, ARR/ARR rams, with the aim of quickly increasing the ARR allele frequency in the population. These rams would have to be found anywhere, regardless of their estimated breeding value. Therefore, this would greatly decrease the selection pressure for milk production. The other possible strategy is a smooth increase in the frequency of the ARR allele, which can be achieved through a slight decrease in the selection intensity, increasing the number of rams. For example, let the number of chosen lambs (future rams) increase by 10 percent, based on their estimated breeding value for milk production. Among these, all rams with an ARR allele would be retained and in some generations a very high ARR frequency would be achieved. In this sense, studies done according to the population structure of this breed show that if the selection pressure is reduced from 5 to 10 percent the genetic gain is reduced around 10 percent.
On the contrary, the reduction in the number of ancestors contributing to the male population (Tab. III) is mitigated by the absence of selection in females, where all the ancestors are represented. Furthermore, the number of Latxa Black Faced-type Navarra animals involved in the breeding programme could represent around 20 percent of the population, and consequently, an important amount of the genetic variability of the breed will not be affected by selection pressure on scrapie susceptibility or dairy performances.
Nevertheless, as indicated when presenting the results, the pedigree completeness level is small and results obtained from pedigree analysis could be insufficient and they should be carefully interpreted. Despite this precaution, the results obtained from genetic polymorphism in terms of reduction of variability between males are similar and both sources of information agree. Genetic polymorphisms showed that although the genetic variability loss could be acceptable in terms of conservation of the population, inevitable erosion of rare alleles would be produced. However, the indicated absence of selection in females and the large population that is not involved in official milk recording implies that the increase of average coancestry and the loss of rare alleles will be mitigated at the whole breed population level.
Finally, in order to reduce the loss of genetic variation, one possibility to consider is the use of ARR/xxx males to be mated with carrier females of the ARR allele. This also makes the use of ARR/xxx males with high genetic value for milk production possible. However, the election of males to be used in order to minimise the average coancestry is, in this study, dependent on the source of information used, pedigree or genetic polymorphisms. It is difficult to state which one of them should be used when there is an important lack of pedigree information or a small number of microsatellites is used, like in this study. The information provided by a small number of genetic polymorphisms can be useful to estimate the effect of selection on genetic variability when the amount of pedigree information is small, but insufficient to correctly establish the genetic relationships among animals, and therefore is also insufficient to take decisions about mild selection regimes against scrapie susceptibility based on the use of heterozygous ARR carrier males.
In summary, all the results suggest that no great negative effect on genetic variability is expected in the short time in Latxa Black Faced-type Navarra by selection of males against scrapie susceptibility, especially because the selection favouring ARR is not applied to the female population. However, a loss of founder animals and low frequency alleles will occur in the selected ARR/ARR population of males.
